DUAL-BIT NON-VOLATILE MEMORY CELL AND METHOD OF MAKING THE SAME 
DESCRIPTION 



Background of Invention 

[Para 1 ] 1 . Field of the Invention 

[Para 2] The invention relates to a non-volatile memory cell and method of 
making the same. More particularly, the invention relates to a dual-bit non- 
volatile memory cell having a local silicon nitride layer, and method of making 
the same. 

[Para 3] 2. Description of the Prior Art 

[Para 4] Non-volatile memory cells are widely used because they can store 
data even when no power exists. At present, a non-volatile memory cell can be 
sub-classified into a floating-gate structure and a silicon-oxide-nitride- 
oxide-silicon (SONOS) structure. The floating-gate structure uses source-side 
injection (SSI) or tunneling effect, leading to hot electrons stored in the 
floating gate. However, the application of the floating-gate structure is 
increasingly difficult day after day because of the hot electrons punching 
through along the select gate channel when the source-drain channel length is 
too short. The SONOS structure uses the SSI effect, leading to hot electrons 
stored in a silicon nitride layer. Hence, the SONOS structure can be 
manufactured smaller in size than the floating-gate structure. Therefore, there 
is a tendency today for the SONOS structure to replace the floating-gate 
structure. 

[Para 5] Please refer to Fig.l to Fig. 3, which show the manufacturing method 
schematics according to the SONOS structure of the prior the art. As shown in 
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Fig.l, a gate oxide layer 120 on the surface of a substrate 1 10 is provided. A 
control gate 1 30 is formed using a first polysilicon layer (not shown) on the 
gate oxide layer 120. As shown in Fig. 2, a first oxide silicon layer 141 is 
formed on the surfaces of the control gate 1 30, the gate oxide layer 1 20, and 
the substrate 1 10. A silicon nitride layer 142 overlying the first oxide silicon 
layer 141 is formed next. Then a second oxide silicon layer 143 overlying the 
silicon nitride layer 142 is formed. Finally, a second polysilicon layer 1 50 is 
deposited overlying the second oxide silicon layer 143. As shown in Fig. 3, a 
self-align etching process is performed to anisotropic etch the second 
polysilicon layer 1 50 to form dual split-gates 151, 1 52 on the second oxide 
silicon layer 143. The dual split-gates 151, 1 52 are separated from the control 
gate 130 by the second oxide silicon layer 143, the silicon nitride layer 142, 
and the first oxide silicon layer 1 41 . 

[Para 6] General speaking, the SONOS structure of the prior art cannot make 
hot electrons effectively locally inject into and remain stored in the bottom of 
the silicon nitride layer 142, where the bottom of the silicon nitride layer 142 
is defined as the portions of the silicon nitride layer 142 shown in Fig. 3 
disposed parallel to the surface of the substrate 1 10. This is because the 
bottom of the silicon nitride layer 142 and the portions of the silicon nitride 
layer 142 near the two vertical sidewalls of the control gate 1 30 both accept 
the electrons according to Gaussian distribution when an external electric field 
is applied. Hence, the hot electrons of the SONOS structure of the prior art are 
stored dispersedly in the silicon nitride layer 142 set on the surface near the 
two vertical sidewalls of the control gate 1 30, reducing the storage ability of 
the SONOS structure. 



Summary of Invention 
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[Para 7] It is therefore a primary object of tine claimed invention to provide a 
local silicon nitride layer to prevent the hot electrons storing dispersedly near 
the two vertical sidewalls of the control gate. 

[Para 8] According to the claimed invention, a non-volatile memory cell and 
method of making the same are presented using a local silicon nitride layer. 
The dual-bit non-volatile memory cell has a stack of layers including silicon on 
the surface of a substrate. The stack of layers has at least one first oxide 
silicon layer and a silicon nitride layer overlying the first oxide silicon layer. An 
opening is formed in the stack of layers and a gate oxide layer is deposited on 
the surface of the substrate within the opening. A control gate is formed on 
the gate oxide layer followed by a second oxide silicon layer overlying the 
surfaces of the control gate and the stack of layers. A second polysilicon layer 
is formed overlying the gate oxide layer. Dual split-gates are then formed on 
the second polysilicon layer. 

[Para 9] It is an advantage of the present invention that hot electrons can 
effectively locally inject into and be stored in the silicon nitride layer 
substantially parallel with the substrate. The present invention uses a local 
silicon nitride layer to prevent the hot electrons from being stored dispersedly 
in the silicon nitride layer near the two vertical sidewalls of the control gate. 

[Para 10] These and other objectives of the invention will no doubt become 
obvious to those of ordinary skill in the art after reading the following detailed 
description of the preferred embodiment, which is illustrated in the multiple 
figures and drawings. 



Brief Description of Drawings 
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[Para 1 1 ] Fig.l to Fig. 3 show the method schematics according to a SONOS 
memory cell of the prior art. 

[Para 1 2] Fig. 4 to Fig.l 2 show the method schematics according to a SONOS 
memory cell according to the present invention. 



Detailed Description 

[Para 1 3] Please refer to Fig. 4 to Fig.l 2, which show the method schematics 
according to the SONOS memory cell of an embodiment of the present 
invention. As shown in Fig. 4, a dummy gate 220, having an upper surface and 
two sidewalls, on a substrate 21 0 is formed. Although not shown, the 
substrate would further comprise a drain region and a source region with each 
of the regions set separately on opposing sides of the dummy gate 220. The 
dummy gate 220 could be formed using the same mask used for forming the 
control gate 261 shown in Figs.l 1 -1 2 so that an extra mask is not required. 
The dummy gate 220 could be made from silicon dioxide. 

[Para 14] Next, as shown in Fig. 5, a stack of layers 230, having at least an 
oxide silicon layer 231 and a silicon nitride layer 232 overlying the silicon 
oxide layer 231 , are formed on the exposed portion of the substrate 210 and 
the upper surface and the two sidewalls of the dummy gate 220. A dummy 
oxide 240 overlying the stack of layers 230 is then formed. 

[Para 1 5] Next, as shown in Fig. 6, respective portions of the dummy oxide 
240, the stack of layers 230, and the dummy gate 220 are removed to arrive at 
a predetermined height by chemical mechanical polishing (CMP) or etching 
back. At this phase, the remaining silicon nitride layer 232 is L shaped. The L 
shaped silicon nitride layer 232 includes a horizontal segment 232a and a 
vertical segment 232b. 
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[Para 16] Next, as shown in Fig. 7, a portion of tPie dummy oxide 240, a 
portion of tPie stacl< of layers 230 on the surface of the two sidewalls of the 
dummy gate 220, and a portion of the dummy gate 220 are dry etched using 
the horizontal segment 232a of the silicon nitride layer 232 as a stop layer. It 
is to be understood that the vertical segment 232b of the L shaped silicon 
nitride layer 232 may not be completely etched away, but this Is not explicitly 
shown in this figure. 

[Para 1 7] The dummy gate 220 Is removed fully such that the stack of layers 
230 has a first opening 233 exposing a portion of the substrate 210 as 
depicted In Fig. 8. The dummy gate 220 may be removed by using conventional 
wet etch method such as diluted HF. The wet etch also slightly etch away a 
portion of the silicon oxide layer 231 that was adjacent to the dummy gate 
220. 

[Para 1 8] As shown In Fig. 9, a gate oxide layer 250 Is formed on the first 
opening 233, on the stack of layers 230 and the exposed silicon nitride layer 
232 such that the gate oxide layer 250 has a recess 251 . Although It may not 
be required to do so without departing from the spirit of the Invention, It Is 
preferred that portions of the gate oxide layer 250 outside of the recess 251 
be removed or possibly never formed. 

[Para 19] Next, as shown in Fig. 10, a first polysilicon layer 260 is formed on 
the gate oxide layer 250. The first polysilicon layer 260 fills the recess 251 . 

[Para 20] As shown In Fig. 1 1 , a conventional lithography and etching 
processes are carried out to define the first polysilicon layer 260. A control 
gate (CG) 261 is formed on the recess 251 using the first polysilicon layer 260. 
When etching the first polysilicon layer 260 to form the control gate 261 , the 
gate oxide layer positioned directly above the stack of layers 230 is also 
removed. A second oxide silicon layer 270 Is next formed on the surface of the 
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control gate 261 and the stack of the layers 230. Then, an ONO layer 271 is 
formed with the silicon oxide layer 231 , the silicon nitride layer 232, and the 
second oxide silicon layer 270. A second polysilicon layer 280 on the second 
oxide silicon layer 270 is formed. 

[Para 21] Next, as shown in Fig. 1 2, a self-aligned etching is performed, 
anisotropically etching the second polysilicon layer 280 to form dual split- 
gates 281 ,282 on the second oxide silicon layer 270, separated from the 
control gate 261 by the second oxide silicon layer 270. Subsequently, an ion 
implantation may be performed to form source/drain regions (not shown) in 
the substrate 1 1 0. 

[Para 22] Compared with a SONOS memory cell of the prior art, the hot 
electrons of the SONOS memory cell of the present invention can effectively 
locally Inject into and be stored away from the vertical sidewalls of the control 
gate in the of the silicon nitride layer of the dual-bit non-volatile memory cell. 
Therefore, the present invention solves the prior art problem of the hot 
electrons being stored dispersedly in the silicon nitride layer near the two 
vertical sidewalls of the control gate, increasing the storage ability of the 
memory cell. 

[Para 23] Those skilled in the art will readily observe that numerous 
modifications and alterations of the cell and the method may be made while 
retaining the teachings of the invention. Accordingly, the above disclosure 
should be construed as limited only by the metes and bounds of the appended 
claims. 
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